~/ Intracerebral hematomas (ICH) from aneurysm rupture are not rare and can now be diagnosed easily and accurately by computerized tomography. The authors have collected 132 such cases from 11 medical centers. Of these patients, 38% died prior to discharge from the hospital. Seventy-eight percent of cases were admitted to the neurosurgical services on Day 0 or 1 after rupture of the aneurysm; of these patients, 15% died without surgery, 28% had surgery and died postoperatively, and 57% were operated on and survived. Mortality rates were increased in patients who were hypertensive, had poor neurological grades, showed evidence of brain herniation, or had larger clots. If the patient lived beyond the first few days and did not have brain herniation, the timing of surgery was not of great consequence, although there was a tendency toward lower morbidity in earlier surgery. This was true despite the fact that earlier operations were carried out on an initially sicker group of patients. Ischemic deterioration attributed to vasospasm occurred in 26% of cases; even when deaths at the acute stage were excluded, it was no more common in patients with early than in those with late surgery. Morbidity and mortality rates were prohibitively high in operations consisting solely of evacuation of ICH without clipping of the aneurysm. Parietal hematomas were particularly dangerous, while those in the temporal lobe were associated with the best outcome. Since it is impossible to predict survival with a high degree of reliability, even when the prognostic indicators are known, the authors recommend that patients with a significant ICH have it removed as soon as possible and that their ruptured aneurysm be clipped at the same time.
F
~w neurosurgeons have accumulated sufficient personal experience in the acute management of intracerebral hematomas (ICH) from aneurysm rupture to provide secure guidelines for the profession. The pertinent literature is sparse with respect to factual analyses of patient populations, and many of the reports are not available in English. 1, 3, 7 In addition, the advent of computerized tomography (CT) scanning has recently made more accurate diagnosis possible. We have therefore combined the data from 11 centers to see if it is possible to answer the following important questions in the clinical management of such cases: What factors determine morbidity and mortality? When should surgery be undertaken? Does early surgery reduce mortality and morbidity? Should surgery consist of clipping of the aneurysm and/or evacuation of the hematoma? Is early surgery associated with increased vasospasm?
Clinical Material and Methods

Patient Population
Medical records at 11 hospitals were retrospectively searched by neurosurgeons. To be included in this Ruptured aneurysm with intracerebral hematoma series, a patient must have had an aneurysm demonstrated by angiography, surgery, or autopsy. An ICH adjacent to a ruptured aneurysm must have been shown on a CT scan not preceded by surgery. The patient need not have been operated on. If an operation had been conducted, it could have been for evacuation of the hematoma and/or clipping of the aneurysm.
Computerized Tomographic Measurement and Angiography
Actual measurements of ICH's were made from the CT scans, and ratios calculated to allow for differences in magnifications. The maximum width and length of the ICH were related to the maximum width and length of the brain on the same CT cuts. An index of the size of the ICH was calculated by multiplying the width ratio by the length ratio to produce a figure in arbitrary units.
The principal location of the ICH was classified as frontal, temporal, parietal, occipital, or cerebellar. It was noted whether it was in the right or left hemisphere or was central. The aneurysm was described as arising from the internal carotid-posterior communicating distribution, the anterior communicating artery, the pericallosal artery, the middle cerebral artery, the vertebrobasilar distribution, or other.
Patient Grading
Patients' clinical condition was graded as follows: 1 = asymptomatic; 2 = headache, stiff neck, may be drowsy; 3 = significant decrease in consciousness, may have mild focal deficit; 4 = decrease in consciousness and major focal deficit; 5 = failing vital signs, pupillary abnormalities, apparently moribund. The clinicalgrade at admission, at CT scanning, at surgery, and at discharge was determined. The date of hemorrhage was designated as Day 0, and the time of admission, CT examination, surgical evacuation of the ICH and clipping of the aneurysm, and day of discharge or death were calculated accordingly.
The neurosurgeons reviewing the charts were asked to make a subjective "yes-no" judgment as to the development of a delayed ischemic deterioration attributable to vasospasm (ID-VSP), and evidence of preoperative brain herniation.
Discharge destination was indicated as: 1 = home without deficit; 2 = home with neurological deficit; 3 = rehabilitation facility; 4 = chronic care facility (nursing home or auxiliary hospital; and 5 = death.
Statistical Analysis
Data on 132 cases, each with 24 variables, was obtained retrospectively. Means are shown + standard deviation. Most results are rounded off to the nearest whole number. Information from the data sheets was coded and entered into the computer with statistical analysis being done by following the routines of stand- discharge grade was more than the admission grade, the patients were grouped in Column 2; if vice versa, in Column 3. MCA = middle cerebral artery; ACA = anterior cerebral artery; ICA = internal carotid artery; CT = computerized tomography; ICH = intracerebral hematoma; ID-VSP = ischemic deterioration due to vasospasm. ard packages. Descriptive statistics were determined, including means, standard deviations, and medians, for all cases as well as various subgroups. Pearson correlation coefficients were produced, which measure the strength of the relationship between any two variables. A stepwise multiple regression was developed, with a series of variables being used to predict survival status. This routine determines those variables that are most strongly related to survival in conjunction with each other.
Results
The general features of the total series of 132 cases are presented in Column 1 of Table 1 .
Mortality
Of the entire group of 132 cases, 38% died. Considering only those cases admitted on Day 0 or 1, the overall mortality rate was 43% (see Fig. 1 ). The nonoperative deaths almost certainly represent only a fraction of the true number of deaths occurring without surgery, since many moribund patients died without neurosurgical consultation, CT scans, or angiography.
Morbidity
It is depressing to note that for the entire series only 9% of patients were discharged without a significant neurological deficit. If we consider only that group of patients who underwent surgery and survived, just over half (51%) were discharged directly home (see Fig. 2 ).
Relative Importance of Factors For Survival
A stepwise multiple regression calculation with survival as the dependent variable was carried out. The computer results are presented in Table 2 . Using all of these variables we can only explain 34% of the variance in survival, and many of the variables had little impact. Some variance can be explained by the following factors, in conjunction with each other: systolic blood pressure on admission, preoperative herniation, vasospasm, and grade at evacuation of ICH. The significance of some variables is explained below.
Blood Pressure. The higher the patients' blood pressure on admission, the less likely they were to survive. The mean systolic blood pressure of the 50 patients who died was 163 mm Hg. This was significantly greater than the 144 mm Hg for the 82 survivors (p < 0.001).
Brain Herniation. Forty-one percent of all the cases showed evidence of brain herniation not preceded by surgery. There was a significant association (p < 0.001) between the occurrence of herniation and poorer neurological grade at all times during hospitalization. There were also significant relationships (p < 0.001) between the occurrence of herniation and earlier admission to the hospital, the presence of a larger ICH, greater midline shifts, poorer discharge status, and higher mortality. Figure 3 permits us to make some observations on morbidity as affected by time of surgery in those patients who had brain herniation and were operated on. For those undergoing surgery on Day 0, 1, or 2, only 21% were discharged to their homes or to a rehabilitation facility. The number of cases operated on later was too small to allow a useful comparison. It should be noted that for early operations a higher percentage were in poorer 
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condition to start with: 38% were classified in Grade 5, compared with 12% in the later operated cases.
Neurological Grade. For all cases there was significant correlation (p < 0.001) between neurological grade at all times and morbidity and mortality. These relationships are illustrated for the 103 early admission cases in Figs. 1 and 2. lschemic Deterioration Attributed to Vasospasm.
The occurrence o f I D -V S P for surgical patients admitted on D a y 0 or 1 is illustrated in Fig. 3 . Twentysix percent o f the patients in this series developed ID-VSP. The size o f I C H in 34 patients who developed I D -V S P was 67 units, which was smaller than the mean size o f 96 units in 98 patients who did not suffer I D -V S P (p < 0.001). For those who underwent surgery on D a y 2 or before, 16% developed ID-VSP; for those operated on between Days 3 and 12, 17% developed ID-VSP; and for those operated on later, 45% developed ID-VSP. This m a y be a reflection o f the fact that some patients with early surgery did not survive long enough to develop ID-VSP, but it certainly provides no evidence that early operation increases its incidence. Clearly, I D -V S P had an adverse effect on outcome. O f the patients who survived more than 3 days and who were operated on, six (21%) o f the 26 with good results (discharged home or to rehabilitation centers) had ID-VSP. For the 15 similarly defined patients with poor results, eight (53%) suffered I D -V S P (Fig. 3) .
Size of Hematoma. A n increase in I C H size was associated with a poorer grade (p < 0.001). The larger the ICH, the more likely was the patient to be admitted shortly after rupture o f his aneurysm. Surgery for removal o f the clot and clipping o f the aneurysm was also carried out more quickly. The larger the size o f the hematoma, the more likely the patient was to have brain herniation.
Interval to Surgery. There was a significant relationship between the time interval between aneurysm rupture and admission and clinical grade at all times during the hospitalization (p < 0.001). Poor-grade cases were admitted sooner. There was also a significant relationship between a short time interval to admission and a longer hospitalization and poorer discharge status (p < 0.001). A n analysis o f discharge destination was made for those patients who survived surgery, to see if the day chosen for operation was significantly related to outcome. For all grades of postoperative survivors, 54% of those with surgery on Day 3 or before went directly home, as opposed to 48% of patients with later operations. The proportion of chronic hospital patients was also almost the same in the group having early as later surgery. This is true despite the fact that the proportion of poor-grade patients (Grade 4 or 5) was 67% of the early operations and only 33% of later operations. Figure 1 can be used to calculate the survival rate for any grade and time interval of surgery. For instance, 50% of patients survived who were in Grade 1 or 2 on admission and who were operated on in the first 3 days after aneurysm rupture; the corresponding figure for Grade 3 and 4 patients was 53%, and for Grade 5 it was 40%.
Discussion
Tindall and Odom 1~ recommended that in patients with aneurysm rupture and ICH, an operation should be undertaken immediately following establishment of the diagnosis, and that in addition to evacuating the ICH the aneurysm should be attacked directly. A different approach was taken by Lougheed and Marshall, 6 who suggested immediate evacuation of the clot by means of a burr hole or small trephine opening in cases with increased intracranial pressure. They believed that the ancurysm should not be treated directly unless it was easily accessible, the state of the brain was satisfactory, there was no spasm, and the procedure could be carried out without difficulty. For our patients treated with evacuation of ICH without clipping, the mortality rate was 75% as opposed to 29% for those who had evacuation of ICH and clipping carded out at the same operation. We can therefore strongly recommend that a craniotomy be carried out and that the aneurysm be clipped at the same procedure as evacuation of the hematoma. Nikiforov 7 operated on 16 patients with ICH resuiting from aneurysm rupture. He concluded that early operation with evacuation of the ICH and clipping of the aneurysm was ineffective. Our data do not substantiate this approach. His overall mortality rate of 69% is considerably higher than the postoperative mortality rate of 28% in our cases with early admission. Fifty cases of ICH occurred in 202 aneurysms of Bromowicz, et al. 3 For the patients who only underwent removal of the ICH (10% of total), the mortality rate was 100%. This is in accord with our observation that evacuation of ICH alone has a prohibitively high mortality rate. Even if we only consider the five cases in our series who were not obviously moribund on admission and who had evacuation of clot only, all died postoperatively. Abe, et al., 1 reported that 14 (5%) of their 310 aneurysm cases were complicated by ICH; their mortality was 36%, and no patient with clinical Grade 5 survived. Similarly, the Grade 5 cases in our series did poorly; however, two were fit for discharge home or to a rehabilitation institute. This B. Wheelock, et al.
constituted one-third of those patients who survived early surgery. The alternative to early surgery is certain death. Bohm and Hugosson 2 operated on 400 consecutive aneurysm patients: 30 (7.5%) had surgery for removal of ICH causing raised intracranial pressure; the mortality was about 50%. Of 209 patients in Gruss's 4 aneurysm series, 13% had ICH. Sano 9 reported that ICH occurred in 17 (4%) of his 420 aneurysm patients. Of the 10 patients who had definitive surgical management, 50% were working postoperatively without neurological deficit. The timing of surgery bore no obvious relationship to the quality of outcome. In our series as well, good results followed operations at all time intervals, as did bad outcome.
Pia s reported 431 aneurysm cases, 72 (17%) of which had intracerebral, intraventricular, or combined hematomas. Most or all of these diagnoses were made without CT scanning. There was only one case in 25 in which treatment in the acute stage was lifesaving. Clearly, our results are now somewhat better. Of our 34 cases operated on acutely (Day 0 or 1), 50% survived and, of these survivors, 47% were discharged directly to their homes. Ljunggren, et al., 5 studied a consecutive series of 219 cases with ruptured aneurysms. Urgent surgery with evacuation of an associated significant ICH was performed in 30 (14%). Of the ICH group, nine (30%) made a good recovery and 15 (50%) died. Our results are similar: in surgical cases we had 34% good recoveries (sent home) and 33% mortality.
Is the intracranial pressure always raised when there is a significant ICH? Probably so. Van Gilder and Torner n reported on a cooperative study of patients with severe neurological deficit following aneurysm rupture. ACT scan was performed in 48 cases, and 13 (27%) had ICH. Of these cases, 12 (92%) had persistent pressure greater than 20 torr.
We suggest that, if a patient is deteriorating, no advantage accrues to delaying operation. This is particularly true with respect to mortality when we consider that all the patients died who had brain herniation and were not operated on, whereas almost one-third who had surgery were saved. Whether or not surgery in the face of clinical deterioration (as manifest by brain herniation, or a decrease in the neurological grade between admission and operation) is associated with an increased morbidity rate, if surgery is carded out early rather than late, cannot be answered with certainty. Our findings suggest that outcome is marginally improved by early surgery. This is assuming, of course, that the patient does not rebleed while waiting, in which case a delay is likely to be fatal.
The neurosurgeon must exercise a degree of caution in deciding which patients are likely to be so irreparably damaged by the initial bleeding that therapy is not indicated. The overall high morbidity and mortality rate suggests that, in the hypertensive aged patient who is apparently moribund, harboring a huge parietal clot, and seen within a short time of the bleed, a conservative approach is fully justified. On the other hand, some cases did well in the face of generally poor prognostic indications and, even with a computer analyzing the data in retrospect, only one-third of the variance in survival was accounted for by the variables measured. It is dear, therefore, that there is a gray zone in which the decision to operate cannot be made with a high level of confidence. If therapy is to be undertaken at all, the obvious advantages of early operation are removal of the mass lesion and prevention of further bleeding.
The best hope that a patient has when all the bad prognostic signs are present is rapid reduction of intracranial pressure by clot evacuation, simultaneous clipping of the aneurysm, and the institution of measures to control elevated ICP, while providing general medical support. So as to maintain more patients in good condition, surgeons will probably prolong the lives of others in poor condition who might otherwise have died. Mortality and morbidity rates appear to represent a continuum of pathological events.
Within the limits imposed by the retrospective nature of our study, we can provide tentative answers to the questions posed in the introduction. Both morbidity and mortality rates are associated with hypertension, herniation, poor neurological grades, increased size of hematoma, shorter intervals to surgery, the occurrence of ischemic deficit attributed to vasospasm, and the location of hematoma in the parietal lobe. Our results strongly suggest that the aneurysm should be clipped at the time of evacuation of the hematoma. Brain herniation in patients with early admission was fatal unless surgery was carried out.
In conclusion, approximately half the patients admitted shortly after rupture of an aneurysm will survive if subjected to early surgery, regardless of admission grade. If the patient survives the first few days and does not have brain herniation, the timing of surgery is not of critical importance; however, there is a suggestion that the morbidity rate is marginally reduced by earlier surgery.
